DESCRIPTION 

METHOD OF SOLDERING LEAD-FREE SOLDER, AND JOINED 
OBJECT SOLDERED BY THE SOLDERING METHOD 

Technical Field 

The present invention relates to a soldering 
method using a solder with no lead contained, that is, a 
lead-free solder, and a joined object soldered with the use 
of the soldering method. 

Background Art 

In view of environmental protection and since 
lead included in solder based on Sn-Pb (tin-lead) used 
heretofore for fixing electronic components onto printed 
boards has a bad influence on not only the environment, but 
human bodies, solders not containing the lead, namely, 
lead-free solders have been under development lately. At 
present, the lead-free solders based on Sn-Cu (tin-copper) , 
Sn-Ag (tin-silver), Sn-Zn (tin-zinc), Sn-Bi (tin-bismuth), 
Sn-In (tin-indium), In-Ag (indium-silver), etc. have been 
developed, and particularly the Sn-Cu based, Sn-Ag based 
and Sn-Zn based types have potentialities. 

However, in comparison with a melting point, i.e., 
183°C of a conventional eutectic solder based on Sn-Pb 
containing lead, a lead-free solder of a composition, for 
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example/ of Sn-0.7Cu in the Sn-Cu has a melting point of 
227°C, the Sn-Ag based lead-free solder in a composition of, 
e.g., Sn-3.5Ag has a melting point of 221°C, and the Sn-Zn 
based lead-free solder of a composition of, e.g., Sn-8Zn 
5 has a melting point of 199°C. Although the melting point 
of the Sn-Zn based type is lowest among these solders, 
since Zn is easy to oxidize and no effective means is found 
at present for preventing the oxidation, the Sn-Zn based 
lead-free solder involves problems to be solved before used 

10 to fix electronic components onto a printed board as 
described hereinabove. Under the circumstances, the 

potential lead-free solder now is the Sn-Cu based type and 
the Sn-Ag based type, but both of which have higher melting 
points by approximately 40°C than that of the eutectic 

15 solder. 

A heat resistant temperature of general 
electronic components is approximately 230°C. Therefore, a 
thermal allowance of approximately 50°C is provided when 
the conventional eutectic solder is used to fix electronic 

20 components onto the printed board. However, the thermal 
allowance almost disappears in using, e.g., the Sn-Cu based 
and Sn-Ag based lead-free solders for the fixing. The 
thermal allowance is still more extreme for components 
weakly resistant to heat such as, for instance, aluminum 

25 electrolytic capacitors and the like. 
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For decreasing the melting points of the lead- 
free solders to or lower than the melting point of the 
conventional eutectic solder as much as possible, there is 
proposed lead-free solders in composition of, e.g., Sn- 
5 3.5Ag-6Bi, Sn-3 . 5Ag-3Bi-3In and the like having Bi 
(bismuth), In (indium) and the like added as a melting 
point decrease action metal acting to decrease the melting 
point . 

The conventional eutectic solder changes almost 

10 instantaneously from a melt state to a solid state. On the 
other hand, the melting point of the lead-free solder 
decreases in proportion to an added amount of Bi when the 
Bi is added to the lead-free solder. But, when, for 
example, the Bi is added to the lead-free solder, a 

15 temperature range in which the lead-free solder changes 
from a melt state to a solid state expands as compared with 
that of the conventional eutectic solder. As a result, 
during solidification of the lead-free solder, the lead- 
free solder is brought into a state in which a partially 

20 solidified part and a part still in the melt state mix. 
Consequently, crystals of, e.g., Bi growing large in the 
lead-free solder 4 may segregation at a joining part 3 
between an electronic component 1 and an electrode 2 of a 
printed board 5 as shown in Fig. 8. An enlarged 

25 illustration of the joining part in Fig. 8 diagrammatically 



shows a composition of the lead-free solder 4 at the 
joining part 3, in which a symbol "O" corresponds to, e.g., 
Bi and a symbol "□" corresponds to, e.g., Ag. A symbol " 
A" shown at a joining interfacial part to the electrode 2 
corresponds to a compound of Cu as a material of the 
electrode 2 and Sn in the lead-free solder. 

Meanwhile, Bi itself has a higher hardness than 
hardnesses of Sn and Ag. Therefore a strength of the lead- 
free solder at a part where Bi gathers due to the 
segregation of Bi crystals becomes brittle when the Bi is 
included by, e.g., several tens wt . % in the lead-free 
solder. A joining strength at the joining interfacial part 
decreases if the Bi crystals are unevenly distributed arid 
then solidified at the joining interfacial part of the 
electrode 2, leading to the trouble that a sufficient 
joining strength cannot be obtained between the electrode 2 
and the electronic component 1. A content of Bi at present 
is hence unavoidably limited to several wt.% from a view 
point of a reliability on the joining strength, and 
therefore the melting point cannot be sufficiently lowered 
at present. Since the melting point of the present lead- 
free solder is higher than the melting point of the 
eutectic solder as depicted above, for example, a larger 
power is inevitably required for melting the solder than 
when the eutectic solder is used, thereby raising problems 



in view of costs and saving energy. Further components of 
a low thermal resistance cannot be soldered with the use of 
the lead-free solder. 

The present invention is devised to solve the 
above-described problems and has for its object to provide 
a method of soldering a lead-free solder which lowers a 
melting point of the lead-free solder and prevents 
deterioration of a joining strength at parts joined by the 
lead-free solder, and joined objects soldered with the use 
of the soldering method. 

Disclosure Of Invention 

in accomplishing the above and other aspects, 
there is provided according to a first aspect of the 
present invention a method of soldering a lead-free solder 
which comprises: 

melting the lead-free solder which is an alloy of 
tin with no lead contained; and 

acting ultrasonic . vibration for increasing a 
joining strength between a mount article and a member to be 
mounted to at least one of the mount article and the member 
to be mounted which are to be joined by the lead-free 
solder, and the lead-free solder when solidifying the 
molten lead-free solder. 

The ultrasonic vibration can be such that makes 
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crystals of components contained in the lead-free solder 
fine and prevents segregation of the contained components, 
and increases the joining strength between the mount 
article and the member to be mounted. 
5 Moreover, the ultrasonic vibration may be such 

that makes crystals of components contained in the lead- 
free solder fine and prevents segregation of the contained 
components at a joining interface of at least either the 
mount article or the member to be mounted, and increases 

10 the joining strength between the mount article and the 
member to be mounted at the joining interface. 

The contained components may include a component 
of a melting point decrease action metal for acting to 
decrease a melting point of the lead-free solder. 

15 In the case where the mount article and the 

member to be mounted contain Cu, the ultrasonic vibration 
may be such that increases a thickness of a layer of a 
compound of Sn included in the lead- free solder and the Cu, 
the compound existing at the joining interface, and 

20 increases the joining strength between the mount article 
and the member to be mounted at the joining interface. 

The lead-free solder may have a Sn-Ag based 
composition as a main ingredient. 

When the lead-free solder has the Sn-Ag based 

25 composition as the main ingredient, the above-mentioned 



contained components may include an alloy component of the 
Sn-Ag . 

The melting point decrease action metal can be at 
least one of Bi, Cu, Zn and In. 

A joined object according to a second aspect of 
the present invention is soldered with the use of the 
method of soldering the lead-free solder of the first 
aspect . 

According to the soldering method of the lead- 
free solder in the first aspect of the present invention, 
since the ultrasonic vibration is let to act when the 
molten lead-free solder is solidified, crystals of the 
components contained in the lead-free solder can be turned 
minute and prevented from segregating at the joining 
interface of at least one of the mount article and the 
member to be mounted which are to be joined by the lead- 
free solder, so that the joining strength between the mount 
article and the member to be mounted at the joining 
interface can be increased as compared with a case without 
the ultrasonic vibration acted. 

In the joined object soldered with the use of the 
above soldering method according to the second aspect of 
the present invention, crystals of contained components of 
the lead-free solder are turned minute and prevented from 
segregating at the joining interfaces of the joined object 
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as above, and the joining strength at the joining 
interfaces is increased as compared with the case where the 
ultrasonic vibration is not acted. The Joined object with 
a high joining strength can be provided accordingly. 

Brief Description Of Drawings 

These and other aspects and features of the 
present invention will become clear from the following 
description taken in conjunction with the preferred 
embodiments thereof with reference to the accompanying 
drawings, in which: 

Fig. 1 is a flow chart showing processes of a 
lead-free solder soldering method according to an 
embodiment of the present invention; 

Fig. 2 is a diagram for explaining a timing for 
acting ultrasonic vibration in Fig. 1; 

Fig. 3 is a conceptual diagram for explaining a 
state of crystals of contained components of the lead-free 
solder at a joining part between an electrode . of a printed 
board and an electronic component when the ultrasonic 
vibration is acted in the soldering method of Fig. 1; 

Fig. 4 is a graph of a relationship between the 
presence or absence of acting the ultrasonic vibration and 
a tensile strength in the lead-free solder of a composition 
of Sn-3.5Ag-4 0Bi; 



Fig. 5 is a graph of a relationship between the 
presence or absence of acting the ultrasonic vibration and 
the tensile strength in the lead-free solder of a 
composition of Sn-3 . 5Ag-20Bi; 

Fig. 6 is a graph of a relationship between the 
presence or absence of acting the ultrasonic vibration and 
the tensile strength in the lead-free solder of a 
composition of Sn-3 . 5Ag-6Bi; 

Fig. 7 is a diagram for explaining a method for 
measuring the tensile strength; and 

Fig. 8 is a conceptual diagram for explaining a 
state of crystals of contained components of the lead-free 
solder at the joining part between the electrode of the 
printed board and the electronic component when the 
ultrasonic vibration is not acted. 

Best Mode for Carrying Out the Invention 

A method of soldering a lead-free solder, and a 
joined object, soldered with the use of the soldering method 
according to an embodiment of the present invention will be 
described below with reference to the drawings. It is to 
be noted here that like parts are designated by like 
reference numerals through the accompanying drawings. 

According to the present embodiment, a printed 
board and an electronic component are given as examples of 
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the joined objelct in the case where the electronic 
component as an example of a mount article is to be 
soldered onto the printed board as an example of a member 
to be mounted. 

5 In the present embodiment, as an example of the 

solder which is an alloy of tin with no lead contained, 
i.e., a lead-free solder, a lead-free solder in which Bi as 
a metal acting to lower a melting point of the lead-free 
solder, that is, Bi as a melting point decrease action 

10 metal is added to the above Sn-Ag based solder is taken. 

However, the lead-free solder is not limited to this 
composition and can be the earlier-described Sn-Cu based 
type, Sn-Zn based type, Sn-Bi based type, Sn-In based type, 
In-Ag based type or the like, and the melting point 

15 decrease action metal to be added can be Bi, In, Cu or the 
like. The melting point decrease action metal exceeds by 
approximately 0.5wt.%, is not limited to a single 
composition of, for instance, Bi or the like and may have 
an alloy containing, e.g., Bi or the like. 

20 The method of soldering the lead-free solder has 

processes as shown in Fig. 1. A lead-free solder 101 used 
in the soldering method has a composition of Sn-Ag-Bi. A 
content of Bi is set to be 20wt.% and 40wt.%. A maximum 
value of the content of Bi is 58wt.% (Sn-58Bi) where Bi is 

25 turned to a. eutectic state to Sn without Ag included. 
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According to the soldering method of the lead- 
free solder in Fig. 1, in step (designated by "S" in the 
drawing) 1-, the lead-free solder 101 in the composition of, 
for example, Sn-3 . 5Ag-40Bi is melted. In next step 2, for 
5 the earlier referred electronic component 1 and printed 
board 5 constituting the joined object, the lead-free 
solder 101 is brought in contact with a part 3 to be joined 
between the electronic component 1 and an electrode 2 on 
the printed board 5. 

10 In next step 3, the lead-free solder 101 

including the joined portion 3 is started to be cooled. 
Further, an ultrasonic horn of an ultrasonic oscillator is 
brought into contact with the printed board 5 so as to 
generate a vibration to at least the joined portion 3. The 

15 vibration has a frequency of a level at which crystals are 
made fine and prevented from being unevenly distributed as 
will be described later, that is, for example, 'an amplitude 
of several yim. 

The lead-free solder 101 is vibrated by the 

20 ultrasonic vibration when the ultrasonic vibration is acted 
to the joined portion 3. Overgrown Bi crystals 31 as shown 
in Fig. 8 are turned fine as indicated in Fig. 3 owing to 
the action of the vibration and moreover the lead-free 
solder 101 is blended by . the action of the vibration, so 

25 that Bi crystals can be prevented from being unevenly 
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distributed, for instance, to a joining interface of the 
electrode 2. In consequence, crystals of Bi having a 
higher hardness than hardnesses of the other components in 
the lead-free solder 101, e.g., Sn, Ag or the like are 
5 prevented from being segregated and solidified in a state 
that the crystals of Bi are gathered to, for example, the 
joining interface of the electrode 2. In the case where Ag 
is included as components of the lead-free solder 101 of 
the present embodiment, although an alloy of Sn and Ag is 

10 formed and deposited, the ultrasonic vibration works to 
make fine crystals of this Sn-Ag alloy as well. The whole 
of the joined portion 3 is hence made nearly uniform in 
composition and moreover, crystals in each composition are 
made fine. Accordingly, a strength of the entire joined 

15 portion 3 is unified and the joining strength at the 
joining interface of the electrode 2 can be enhanced in 
comparison with the conventional art without the ultrasonic 
vibration acted. 

Effects as follows can be further obtained by 

20 acting the ultrasonic vibration. Specifically, although a 
compound of Sn and Cu included in the lead-free solder 101 
is formed to surface portions of the electrode 2 and an 
electrode of the electronic component 1 having Cu as a main 
ingredient as described above, a layer including the Sn-Cu 

25 compound is diffused to grow in the lead-free solder 101 by 
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the ultrasonic vibration when the vibration is acted. The 
joining strength at the joining interface of the electrode 
2 can be enhanced . more by acting the ultrasonic vibration 
so that a thickness 102 of the layer including the Sn-Cu 
5 compound becomes an appropriate value. The joining 

strength is reversely weakened if the thickness 102 exceeds 
the appropriate value, and therefore the frequency and the 
ultrasonic vibration should be controlled. 

Additionally, since a surface tension of the 

10 lead-free solder can be reduced by applying the ultrasonic 
vibration, a solderability can be improved and the joining 
strength can be enhanced. 

As above, the amplitude value and the frequency 
at the joined portion 3 by the ultrasonic vibration are set 

15 to such values that components included in the lead-free 
solder, for example, Bi crystals as mentioned above are 
made fine at the joining interface of the joined object, 
crystals of the formed alloy such as Sn-Ag or the like are 
made fine, the contained components and the alloy crystals 

20 are prevented from segregating, and the joining strength of 
the electrode 2 of the printed board 5 and the electrode of 
the electronic component 1 at the joining interface is 
increased, and furthermore, the thickness of the layer 
including the Sn-Cu compound present at the joining 

25 interface is increased, thereby increasing the joining 
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strength at the joining interface and also increasing the 
solderability . 

The ultrasonic vibration may be started to act 
concurrently with a time when the molten lead-free solder 
5 101 is started to be cooled, as designated by a time tl in 
Fig. 2 or may be started prior to the start of the cooling 
as indicated by a time tO. The action should be started at 
least immediately before a temperature of the lead-free 
solder reaches a solidifying temperature of the lead-free 

10 solder 101, as indicated by a time t2. An end time point 
of the action of the ultrasonic vibration is after the 
lead-free solder 101 is perfectly solidified. 

Although it is preferable to continuously act the 
ultrasonic vibration, the vibration may be acted 

15 intermittently. 

Experiments are conducted to obtain the joining 
strengths in the case where the ultrasonic vibration is 
acted as above and in the case where the ultrasonic 
vibration is not . acted in the conventional art. A method 

20 for the experiment is shown in Fig. 7 and experiment 
results are shown in Figs. 4-6. 

According to the experiment method, while a lead 
wire of the electronic component 1 joined to the electrode 
2 with the use of the lead-free solder is pulled in a 45° 

25 direction, separation between the lead wire and the 
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electrode 2 and a tensile strength at a time when the lead 
wire or the electrode 2 reaches to brake are checked. Fig. 
4 indicates the experiment result in the case of using the 
lead-free solder of a composition of Sn-3 . 5Ag-40Bi, while 
5 Fig. 5 shows the experiment result in the case of Sn-3.5Ag- 
20Bi and Fig. 6 shows the experiment result in the case of 
Sn-3 . 5Ag-6Bi . The lead-free solder of the composition of 
Sn-3 . 5Ag-40Bi has a melting point of approximately 180°C, 
the lead-free solder of the composition of Sn-3 . 5Ag-20Bi 

10 has a melting point of approximately 200 o -C / and the lead- 
free solder of the composition of Sn-3.5Ag-6Bi has a 
melting point of approximately 216°C. 

As is apparent from the experiment results 
indicated particularly in Figs. 4 and 5, the tensile 

15 strength is improved more when the ultrasonic vibration is 
acted than when the ultrasonic vibration is not acted. 
Further, as is made clear from the experiment results of 
Figs. 4 and 5, and Fig. 6, the ultrasonic vibration acts 
effectively in the lead-free solder of a large content of 

20 Bi. 

A reliability can be obtained even in the lead- 
free solder with a larger content of Bi than in the 
conventional art owing to the action of the ultrasonic 
vibration as above. Hence the lead-free solder of a lower 
25 melting point than that of the conventional lead-free 



solder becomes utilizable, enabling, for example, 
components of the weak heat resistance to be fixed to the 
printed board or the like by the lead-free solder/ The 
power necessary for melting the lead-free solder can be 
lowered than for the conventional lead-free solder, which 
is effective to save energy and eventually contributes to 
protect the environment. 

The entire disclosure of Japanese Patent 
Application No. 11-165165 filed on June 11, 1999 including 
the specification, claims, drawings and summary is 
incorporated herein by reference in its entirety. 

Although the present invention has been fully 
described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and 
modifications are to be understood as included within the 
scope of the present invention as defined by the appended 
claims unless they depart therefrom.. 



